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MODEL DWESmGATiON OF !ED? EFFECT OF MOUNTING 

HYDRO-SKIS ON SHOCK ABSORBER3 

By Edward L. E0ffm.m  end Lloyd J. Fisher 

A rough-wzter  landing hvestigation of e model of a 'hydro-ski  sea- 
plane  design was conducted in Lengley  tank EO. 2 to  determine  the  effect 
on the knding motions  ar-d  vertical  acceleretions of mounting  the hydro- 
ski  on  shock-absorber  struts.  The  tests  were  mzde  at  one  landing  trim 
and mve height  over a range of wave  length for three  hydro-ski  collrig- 
uratioos  (fixed,  translating,  and  pivoting). In addition,  the  effect 

I of stabilizing  the  model  in  trim has investigated% 

w Sy Eounting  the hydro-ski on a shock-absorber  strut,  the  rough-water 
vertical  landing  accelerations  and rise of %he  test  model  were  signifi- 
cantly  reduced. In general,  for -the particulzr hydro-ski configurations 
tested,  the  translating-ski  a_rl..zmgement  gave  slightly  lokier maxiuzum ver-. 
ticel  accelerations  than  the  pivoting-ski  arrangement.  The  shock-absorber 
s t r u t s  reduced  the  vertical  lvlding  accelerations -wst at  the  shorter 
wave  lengths  tested. hly minor  improvements in rough-Tmter  landing  char- 
zcteristics  of  the  model  were  realize6 by the t r i m  stabilization  used in 
these  tests,  but  fixed-trim  landings  indicated  that  considerable  improve- 
nents  were  available  if  the  amount of trin  control could be  =de  great 
enough. 

Qdro-skis m e  s means of reducing  the  rough-water  landing  impacts 
of water-based  airplanes.  The  present  investigetion  concerns  the  mounting 
of hydro-skis on shock-absorber  struts  as e- method lor further  reduction 
of' hydrodynamic  landing  iasacts. The investigation w m  made  to  compare 
the  landing  impacts of a seaplane  model  having a hydro-ski  mounted  on 
shock-zbsorber  struts  vith  tln_ose of the  sane  model  having  the  hydro-ski 
mounted on rigid  struts. 

A. rough-vater  landing  investigztion was conducted  by  using  ex- 
isting  model of a Navy seaplane  design  (Langley  tank  model 280) as a test 
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vehicle. De model vas  eqxipsed w i t h  a hydro-ski t h a t  cwclld be mounted 
on rigid  skruts,  on a shock-ebsorber strizt so that the ski  moved n o m 1  
t o  i t s  keel  without chenging trim (translated) ,  or on a shock-absorber 
stru'; so tha t   the  ski chnged t r i m  when a lo& was asplied  (pivoted  near 
bo>:) . 

LEndings Irere made a t  a trim of 90 a d  a t  a knding  sgeed OF 53 f e e t  
per second (155 knots, f u l l   s c a l e )  in mves 3 inches high (6 f e e t ,   f u l l  
sca le ) .  The  wzve length-height  ratios  xere  varied from 30 t o  70. Xost 
of  +,he Izrdings were =&e vi th  the trimming of the model danped aerody- 
naaically by zn ar t i f ic ia l   s tab i l ize t ion   device  that incorporated a ra te -  
sensi t ive gyroscope t o  control  the  elevators.  In  addition,  landings were 
nade with the usml fixed-elevstor  cmfigwation end with the model fixed 
i n  trkn. 

bs 

E 

w 

bean of hydro-ski, f t  

gross load coeff ic ient  of hy&ro-ski, A o/ wbS3 

ving mean aerodynamic chord, e t  

acceleration due t o  gravity, 32.2 f t /sec2 

wave height, in .  

wave length, in. 
t r h n i n g  angular velocity of model, deg/sec 

horizontal hall velocity, fps 

vert ical   hul l   veloci ty ,  fps 

specific .#right of water, 63.2 lb/cu f t  used f o r  these 
t e s t s  

i n i t i a l  load 011 mter, gross weight, lb 

elevator  deflection, deg 

trim, angle between hul l   reference  l ine acd smooth vater 
surfece, deg 
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!his investigation was conducted in   t he   kng ley   t ank  no. 2 xi th  the 
nein t o q b g  carriage. b- existing  1/24-scale  nodel  of a Bureau of 
Aeronzutics,  Departnent of Yne N a v y ,  160,000-gound seaplane  design  (fig. 1) 
that b d  previously been tes ted  ( ref .  1) WEB w e d  as 2 tes t  vehicle. Per- 
t inent  dimensions of' the  tank model (designated k n g l e y   t m k  model 280) 
and en equivalent  full-scele  seaplsne  are  l isted i ~ ,  t ab le  I. A photograph 
of the dyrrmic  nodel  attached to   t he  Langley tank no. 2  fore-and-aft  gezr 
i s  shoxn as f igure 2. The wine: tip r'loats were renaved t o  meet gross- 
veight  requirements for these tests. For landing  tes ts  w i t i  t h i s  gear, 
the model had approxmte ly  3 l e e t  of fore-and-eft  freedom  with  respect 
to the  towhg  carriage  in  order  to  absorb  longitudinal  acceleretions  intro- 
duced by inpacts and t o  D e m i t  the model t o   e c t  es a f r ee  bo6y in the  
longitudinal  direction. !Eke model was free t o  trim about a givot  located 
a t  the  center of grzvity and %as f r e e   t o  move ve r t i ca l ly  but was restrained 
l a t e r a l l y  and i n   r o l l  and YEW. The ver t i ca l ly  noving w e i g h t  of the model 
and geer T.=S 11.57 pounds vXch  corresgonds t o  a fu l l - sca le  gross weight 
of 162,000  pounds. The longitudinally movCng weight was approximately 

moving weight of the fore-&ad-aft gear. 
r. 55 percent  higher  than  the  design gross weight  because of the  acdi t ional  

&I 18-c:m~nel  record-hg  oscillogaph  located  in the towing carriage 
has used to   record dzta. A strain-gege ky-pe OP accelerometer mounted on 
the towing steff of the model w a s  used t o  measure ver t ica l   acce le ra t ions  
(static  coniiition  considered  zero). The nztural  frequencies of the  accel-  
erometer and recording  gdvanmeter were 165 cps and 150 cps,  respec- 
tively.  30th were dmped t o  ebout 65 sercent  of c r i t i c a l  damping. Slide- 
vLre pickugs were used t o  m e a s u r e  trim, rise of Y?e center of @?evity, 
end fore-mE-aft  position of Vne model and t o  measure deflection of the 
shock s t ru t .  An electr ical ly   actuated t r b  lock which w a s  atteched t o  
the towing staff fixed ti7-e trim of the model i n  the air during  the  landing 
approach. The trim lock was automztically  released vhen an e l e c t r i c a l  
contact   a t   the   s ternpost  of the model or at the t r a i l i n g  edge of the hydro- 
s k i  touched the mter. When fixed-trim  landings were deslred, the  ectu- 
a t ing  mech,mism was disconnected so that the  trim lock wzs not releesed. 

The a r t i f i c i a l   s t ab i l i za t ion   dev ice  used to   provice  dmpiEg  in  trim 
consisted of a pnem-t ic  elevzto-r  servoactuator and a r a t e  gyroscope. A 
shotog-ragh of the  control system is shorn ES figure 3.  A i r  was supplied 
t o  the  gyroscopic  rotor  to produce 6. given  speed and t o  the servoactukor  
t o  provide tine force  reguired to move the  elevators.  Air was also  supplied 
to   t he  gyro pickoff  valve which varied  the signal gressure  to  the  servo- 
actuator. T;?e gearill-p; r a t i o  of e levztor   def lect ion  to  trimming veloci ty  
6,/q used for   these   t es t s  vas mproxinately 4. Additlonal  iflormation 
OE t h i s  type  control system may be fomd  in   re fe rence  2. For fixed-elevetor 
landings Yne air supply w a s  stopped and the elevators were locked a t  the 
desired  positions. 
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k drawing  of the  hydro-ski is sbovn in   f igure 4 and pertinent dimen- 
sions of the ski  Ese l i s t e d   i n   t a b l e  I. Figure 5 shows %?he shock-absorber- 
strut-hydro-ski  configurations  hvestigatea and indicates  the limits of " 
motion of the  hydro-ski.  For  the  translating-ski  configuration  (fig.  5(a) ), 
the ski had an zngle of incidence or" Oo with respect   to   the h u l l  reference 
l i ne  and 1-inch  (madel-scale) n o m 1   t r a v e l .  The pivoting-ski  configura- 
a t ion  ( f ig .  s('c)) vas Fivoted  near  the box of the ski  and the  ski had m 
i n i t i a l  angle of incidence of 40. N l  compression of the shock-absorber 
str-ct ellowed  the ski  t o  chznge i t s  sngle of incidence t o  -bo. Since  the 
s t r u t   f a s t e n h g s   t o  tlhe model fuselage vere r igid,  it 'vas necessary t o  
allow  the bov pivot E smll amount of fore-md-aft  notion. The fixed-ski 
configura-lion was obtained by locking  the  pivoting sk i  a t  an eagle of 
incidence of Oo. 

A drawing of the  shock-absorber s t r u t  use& for   both  the  t rsnslet ing 
and pivoting skis is  shovn in   f igure 6. The linear-motion ball bushings 
were used t o  reduce strzt f r i c t i o n  and were especially  necessary  to  reduce 
binding i n  the translating-ski  configmation.  Distilled  water xes used 
i n  the s t ru t   ins tead  of shock-absorber f lu id   i n   o rde r   t o  approximate more 
closely  the  scale Rgrlnolds nmber of the f low thro-ugh the or i f ice .   Per t i -  
nent  dknensions of t h e   m d e l   s t r u t  zrxi e cornpaable  full-scale  strut  are *I 

l i s t e d   i n   t s b l e  I; the shock-absorber cbaracter is t ics  t?mt were obtained 
from bench tes ts   gre   presented  in  figure 7. Figure 7(a )  i s  E plo t  of 
spring  force  against  stroke;  figme 7(b) 1s a s l o t  of the stroke  obtained 
from test drops of various  heights; and f igme   7 (c )  i s  a p lo t  of hyfkaulic 
force  against  telescoping  velocity thzt was obtained from the &rop t e s t s .  
T3.e weight izsed fo r  the drop tests vas  equal t o  the gross model weight. 
For telescosing  velocities sbove 1.5 fee t   per  second, turbulent darcping -!!as 
obtained (comparable t o  full scale) .  

- 

The "gley tank no. 2 wave rmker w a s  used t o  produce the rough- 
wzter  conditions. The n v e  generator  consisted of an  oscillatir-g  plate 
hinged a t  the bottom of the tenk. The frequency a d  stroke of t he   p l a t e  
osci l la t ions were changed t o  vary  the wave conditions. 

Tne rough-water landing  investigation was made perpendiculm t o  
onconing waves. Tne model vas locked a-L the  desired  landing trim of 90, 
an& the desired  elevator  condition  vas  introduced  either by locking the 
elevators  or by supplying air to  the  elevztor  servozctuator and the   ra te  
gyroscope. The towing carriage we8 brought up t o  E speed suf f ic ien t   to  
make the model fly md was then  decelerated a t  a constznt  rate. A s  the 
carriage  decelerated,  the model gliBed t o  e landing et  a speed  of '33 f e e t  
per second (155 knots, f u l l  scale) .  The cerrizge  deceleration wes selected c 

t o  keep the model betueen  the  fore-and-eft limits or' travel  during  the 
landing. 

"us Y 
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Landings  were  made  in  waves 3 inches  high (6 Teet, full scale)  with 
length-height  r&tios  varying  fro= 30 to 70. Previous  experieace  with  the 

ation of &&-e model hpact with z weve  generally h d  two  peaks.  The first 
peak -51s mused by  the  hydro-ski  contzcting  the  wave. As t'ne ski contin- 
ued  through  the  -wave,  the nodel trimmed  ug  and  the  sfterbody of the hull 
contacted  the  wave so that .= second  peak  acceleration  was  formed  that 
sometimes was higher  than  the  acceleration  caused  by  the  ski  imsact. 

d model  (ref. 1) showed t h t  the  tine-history  records  of  vertical  ecceler- 

Trim control  aspeared  to  be a means of reducing  the  number of 1113x5- 
mum accelerations  caused  by hull inpacts  and, sime the object  of  the 
current  investigation  was  to  eveluate  hyiiro-ski impmts, most of the 
landings  were  made  with  the  model  damped  in tr-. Fixed-trim a d  fixed- 
elevator  landings  were  nade in lNzves  having a length-height  ratio  of 40 
so that a comparison  could  be m d e  of  the  effect of introducing  damping 
in trim. 

I 

The  landing  results  obtained  with  the  model  artificially  stabilized 
in trim  are  presented in  figure 8 as  plots of maxi;llum vertical  acceler- 
atiom, msximm trim,  and maxLam rise  agafnst  wave  length-height  re-lio, 
and  the  envelope  of  these  vzlues  is  shown.  The  vertical  accelerations 
plotted  are  the naximum values  obtained Ira a leding run, regardless 
of whether  they  were  caused  by a 'null -pact  or a ski  impact. From tie 
plots  of naxi-munr vertical  accelerations  presented in figure 8, the sdvan- 
tages  of  usfng  shock-absorber  struts  -e  particularly  noticecble  at a 
%Eve  lengtii-height  ratio of 30, where  both  shock-zbsorber  configurations 
reduced  the msximum acceleration &bout 60 percat e8 comsared  with  the 
fixed-ski conZiguration. At a mve length-height  ratio ol" 45 where  the 
highest  accelerations  vere  indicated for the  shock-absorber  configuratioos, 
reductions or' 33 percent  for  the  translating  ski  and 29 percent  for  the 
pivoting  ski  were  obtained. An examination of "ne maxi~~m trim and  rise 
envelopes of figure 8 shows t h t  both  shock  zbsorbers  gave a general 
reduction  in maximum rise  throughout  the  wave  length-height  ratios  inves- 
tigated;  whereas,  re&uctions in msximum trim  are  more appaen-i  in  the 
longer  waves. 

I 

Although  the  purpose of artificially  stebilizing  the  model fn trim 
wzs to reduce  the Ember of ~l?axFmun landing  accelerations  czused  by hull 
bpacts,  exzmin&Aon of accelerometer end notion-picture  records  2ndice.ted 
t h t  hull iqects vere  not  completely  elininated. Imsmmh zs figure 8 
contains both hull  and ski  5mpacts,  figure 9 is gresented  with  :hydro-ski 
impacts o~ly. Cornsmison of figures 8 and 9 for the  fixed and pivoting 

impacts,  because  nost  of  the  ecceleretion  velues  are  the  same  in  both 
. skis shows  thzt  the maximin! accelerations  ere  generally  caused  by  ski 

- 



figures and the envelope of mihim- accelerations remained t'ne sane. With 
the  t ranslat ing ski, however, a large  nmber of mximiurr accelerations were 
caused by hul l  im;?ac%s, as shown by comparing figures 6(b) a d  g(b).  The c 

large number of mxixm  accelerations cezsed by hul l  Lpac ts   for  t'rlis con- 
figuration can  be  Ettribzted  to  the  proximity of the ski t o  the hull waer, 
t l e  shock-absorber s t r u t  was conpressed. A compsrison of  the mimm 
accelerations  for  hydro-ski  impacts  ?or the fixed- and translating-ski 
configurations  (figs. g(a)  and 9(b) ) shom  t'le same reduction as figure 8 
a t  a wave length-height  ratio o r  30 (approxinately 60 percent). A t  a wave 
length-height  ratio of 45, hcwever, the ~ x i ? u m  ski  accelerations  (fig.  9) 
a re  reduced 50 percent, as ccmpared v i t h  33 percent when both  the hu l l  
and sk i  accelerations  are  considered  (fig. 8). In   f igure g(b) there  is  
a tendency for  the  mximm-acceleration er,velope t o  hold 2 fa i r ly   constant  
value  over  the  vide  range of vave ler-gtn  tested. 

The resu l t s  of dan2ing i n  trim on the rough-water landing  behavior 
ere presented i n   f i g a e  10 as plots  of mzxlmun acceleration, maximum trim, 
and maximum r i se .  The ~ ~ ~ 0 w - t  of darn2ing i n  trim that  was used in   t hese  
t e s t s  hzd l i t t l e   e f f e c t  on mxinum eccelerstions and mximum t r h  but  did 
cause EL noticezble  decrease i n   xim mum r i s e .  AE indication of the exten- 
sive im?rovener,ts i n  rough-wacer lmding  character is t ics  that could  be n 

realized by  ex-krene increases  in trim control cen be seen from the  fixed- 
trim r e su l t s   i n   f i gu re  10. 

Ir the  foregoing comparisons of ver t ica l   acce le ra t ions   to  show  t'ne 
e f fec t  of shock-absorber s t ruts ,   the  mxircm values  obtained from landing 
r-as h v e  been considered. A s  a further comparison, t ine   h i s tor ies  of 
vertical   acceleration of individual impacts w i t h  s imilar  init ial-landing 
conditions  ere  presented i n  figare 11 for  wzve lengtii-height  ratios of 
40 and 70. Tqe data  presented  are  init ial-landing impacts that  occurred 
a t  the oncoming flank of a mve and are  not  necessarily the m x l m u m  accel- 
erations  obtained  during  the  landings. The reductions Ln ver t ical   accel-  
eret ions  that   are   real ized by using shock-absorber s t ru ts   a re   g rea te r  at 
the  shorter wave lengt-h as  wzs the case i n  figures 8 and 9. Fkom the 
tjme-history  records, it can  be seen tha t  the shock-zbsorber s t r u t s   a e h y  
the  time of maximmi acceleration  in  addition -Lo reducing  the peak values. 

CONCLUSIOBS 

The re su l t s  of the roug3-water larding  investigation of e, seaplme 
model equipped with a hydro-ski mo-mted r ig id ly  and .kith shock-absorber 
strats lead  to  the  following  conclusions: 

1. By nounking the  hydro-ski on a shock-Ebsorber s t r u t ,  the rough- 
water verticzl   landir4  accelerations an6 r i s e  of the t e s t  model were 
significantly  rechced. - 



I 

2. In generel, for the par t iculzr  hydro-ski configwetions  tested, 
the   t rmsla t ing-sk i  arrangement gave slightly lower maxiam ver t i ce l  

4 accelerations %ban the sivoting-ski erraxgernent. 

3 .  The shock-Ebsorber struts reduced  the  verticzl  landing  Ecceler- 
e-l'rons ~ o s t  at  the  shortest   m~ve length tested.  

4. Only m h o r  Fnprovernents i n  rough-wEter lending  chmacter is t ics  
of t'ne model were realized by the t r i m  s tabi l izEt ion used in   t hese  tests, 
but fixed-trim  lsndings  indccated that considereble  improveaents vere 
available if the munt of t r i m  control  could be d e  great enough. 

ikngley  Aeronautical  Laboratory, 
Na-liond A d v i s o r y  Committee for Aeronautics, 

Lzngley Field, Va., Novmber 19, 19% 
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Genersl. : 
3esigx grass xeiglht. l b  . . . . . . . . . . .  
?itctLng c;onect 3f inertia.  slug.ft2 . . . .  
Overall  length. f t  . . . . . . . . . . . .  
Overall >ei&ty ft . . . . . . . . . . . .  
Cezter-af-grwity  lccation: 

Mean eerody2lznic chord. percent . . . . .  
€eight e.bove keel. f t  . . . . . . . . . .  

IxUl1: 
Length. f t  . . . . . . . . . . . . . . . .  
i-isxl~~~m beem. ft . . . . . . . . . . . . .  
Zeig%t. f t  . . . . . . . . . . . . . . . .  
Angle of dead rise. deg . . . . . . . . . .  
Lepsth-bem- r a t i o  . . . . . . . . . . . . .  

Wing: 
Area. sg r't . . . . . . . . .  
Sps.n,f t  . . . . . . . . . .  
Sweepback of 2 5. percent chord 
Airfoi l   sect ion . . . . . . .  
Incidence.  deg . . . . . . .  
Xean EeroQnamic chorci. f t  . 
Root c4ord . ft, . . . . . . .  
Tip chord. If . . . . . . . .  
Aspect racio . . . . . . . .  
Flap landing  position.  deg . 

. . . . . . .  . . . . . . .  
l ine.  deg . . . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

h r i z a z t a l  t a i l :  
>zea. sq ft . . . . . . . . . . . . . . . .  
Elevator area. sa_ ft . . . . . . . . . . .  span. e t  . . . . . . . . . . . . . . . . .  

Verticsl  teil: 
Area. 9% f t  . . . . . . . . . . . . . . . .  

wdro-ski: 
Leagtll. f t  . . . . . . . . . . . . . . . .  
Be&=. I't . . . . . . . . . . . . . . . . .  
Area. sq ft . . . . . . . . . . . . . . . .  
Length-beem r a t i o  . . . . . . . . . . . . .  
Gross loadirzz. 13/sq ft . . . . . . . . . .  
Gross-loe8 coefficient.  Ck . . . . . . . .  

Shock-absorber strut: 
Stroke. F? . . . . . . . . . . . . . . . .  
Fiston  dimeter .   in  . . . . . . . . . . . .  
Air-volume r a t i o  . . . . . . . . . . . . .  
Ini t ia l  a i r  pressure. lb / sg   in  . . . . . .  
Extension  rete. fps . . . . . . . . . . . .  

Fdl scale 

152 . 000 
i .bo .  000 

103 
36.25 

26 
9.5 

1. 600 
93 
35 

IgACA 64A;lO 
3 

17 . 33 
23 -33 
9.34 

6 
50 

3@+ 
41.5 
139 

2ko 

21.28 
5-32 
100 
4 

16.6 
1. 630 

24 
10.5 

3 
1. 225 

6 

Zciodel 

11.57 
0.18 
4.29 
1.51 

25 
0.40 

2.78 
k.08 
35 

NhCk 64hk10 
3 

3.72 
6-57 
0.39 

6 
59 

0.69 
1.73 
0.2;: 

0.42 

0.89 
0.222 
o * y  
06.7 

'r 

16.8 

0.a 
3 
j1 

1.22 

.L 
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Fi,o;u-re 1.- General azrangemect of' full-scale seaplane design. 
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L-8178Lt.1 Figure 2.- Setup of Larigley tank model 280 on fore-and-aft gear. 
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Figure IC .- Flat-boLtom hydro-ski of Langky tank model 280. 
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